Growth of phage BF23 was restricted in Escherichia coli K-12 
Since BF23, a virulent coliphage, and colicins of E group (including El, E2, and E3) have a common receptor site on Escherichia coli strains, this phage has been conveniently used to examine the presence of the receptor site for E group colicins (8) . During the course of studies on resistance of E. coli to colicin E and I groups, we found that growth of BF23 is restricted in bacteria producing colicin lb. A similar observation has been reported by Strobel and Nomura (19 
MATERIALS AND METHODS
Bacteria. The bacterial strains used were derived from E. coli K-12 W3110 (FX-) kindly supplied by J-l. Tomizawa mixedly infected with BF23 and mutant phage BF23hI (Fig. 3) . Thus, it may be concluded that wild-type phage is dominant over the mutant in determining early abortive lysis.
Lysis without detectable phage lysozyme. Since both restriction of growth of BF23 and early abortive lysis of phage-infected cells were associated, it might be asked whether early abortive lysis was due to the synthesis of phage-induced lysozyme. Figure 4 shows the results of the kinetics of lysozyme synthesis in infected cells. In ColI-cells, lysozyme activity was first detected at 15 min after infection and shortly afterward increased at a linear rate for about 40 Coll-, growvi to S X 100 per ml in 40 ml of BHI, was harvested, suspended in the same amount of TG medium, and intfected by phage BF23 at a phage-bacterium ratio of 10, followed by inicubationi at 37 C with aeration2. At initervals, 2-ml portionis wtere removedl anid were used for measuring both the turbidity anid the phageiniduced lyso-y?ine activity. Brokeiz Iihues representt turbidity of cultures, and solid linies represent lysozyme activity. The lysate obtained was added to W3110 T5-r (grown in BHI at 37 C to 5 X 108 cells per ml and then poisoned reversibly by the addition of KCN at a final concentration of 4 X 103 M), at an input phage-bacterium ratio of 0.2. After 10 min of adsorption at 37 C, the culture was washed twice with cold BHI and. after appropriate dilution, was plated on three different indicators: W3110, W3110 BF23-r, and W3110 T5-r. The resulting plaques were counted after overnight incubation at 37 C. Under these conditions, the number of free phages measured after chloroform treatment was 104.
tive lysis" in this paper. One-step growth experiments showed that about 5% of the infected ColI+ cells were capable of producing progeny phages whose properties were similar to that of phages grown on Coll-cells. EOP on ColI+ strain was about 10-6 compared to that on Collcells. This low EOP may be explained by the assumption that the fraction of the cells producing the progeny phages would be decreased during the process of reinfection to form plaques on the lawn of the cells.
Strobel and Nomura (19) P1 (3, 4) . On the other hand, it is of value to note that the restriction of BF23 on ColI+ cells may be analogous to that of T4rII mutants on K-12 lysogenic for phage X. In the case of the latter, it has been suggested that the immunity substance of X represses growth of the T4rII mutants (20) .
Similarly, we have assumed that a certain repressor(s) of ColIb factor specifically interacts with BF23. In this regard, the existence of a genetic regulation system in colicinogenic bacteria, comparable to that of temperate phages, has been pointed out (15, 16) . In a population of ColI+ bacteria, a small fraction (0.05) of cells permit growth of BF23. This level of escaped repression or "transmission" is somewhat higher than that of T4rII in X lysogens (0.001 to 0.005). Thus, one may speculate that the transmission coefficients reflect the strictness of the repression system of the replicon involved. In autonomous replicons, self-repression may be somewhat loose, fluctuating according to the stage of the cellular cycle of the host. In temperate phages, however, complete repression may operate full-time in the lysogenic conditions. Since the expression of a certain function(s) of BF23 is required for early abortive lysis, the repression of the phage by the ColI factor cannot be complete.
Although the receptor sites on the host cells for T5 and BF23 are different from each other, several lines of evidence indicate that these two phages have many common properties: that is, early abortive lysis upon infection to ColI+ cells; requirement of Ca+ for the growth; and the existence of phenotypic mixing between both phages. Furthermore, electron microscopic observation of BF23 has revealed that this phage is very similar in its morphology to T5 (unpublished data). A large number of temperature-sensitive and amber mutants of T5 have been isolated and characterized genetically to some extent (6, 11) .
Thus, application of these mutants will give more promising results for the eventual understanding of the mechanism of the early abortive lysis.
